Purpose: The study sought to describe a single centre's technical approach to transradial intervention and report on clinical outcomes and safety. Methods: A total of 749 transradial access (TRA) procedures were performed at a single hospital in 562 patients (174 women and 388 men). Procedures included 445 bland embolizations or chemoembolizations of the liver, 88 uterine artery embolizations, and 148 procedures for Selective Internal Radiation Therapy (Y90), which included mapping and administration. The mean age of the patients was 62 years (range 27e96 years). Results: Four cases (0.5%) required crossover to transfemoral (tortuous anatomy, inability to secure a stable position for embolization, vessel spasm and base catheter not being of a sufficient length). A single asymptomatic, short-segment radial artery occlusion occurred (0.3%), 3 patients (0.4%) developed small hematomas postprocedurally, and 2 patients (0.7%) had transient neurological pain, which was resolved within a week without treatment. It was found that 98% of patients who had a previous femoral access procedure would choose radial access for subsequent procedures. Conclusions: Transradial access is a safe, effective technique, with a learning curve; however, this procedure has the potential to significantly improve departmental workflow and cost savings for the department and patient experience. R esum e Objet : L' etude visait a d ecrire une approche technique monocentrique pour les interventions transradiales et a rendre compte des r esultats cliniques et des questions de s ecurit e. M ethodes : Au total, 749 proc edures par acc es transradial ont et e ex ecut ees dans un même hôpital aupr es de 562 patients (174 femmes et 388 hommes). Parmi ces proc edures, mentionnons 445 embolisations seules ou chimio-embolisations du foie, 88 embolisations des art eres ut erines et 148 proc edures de radioth erapie interne s elective (Y90), y compris les techniques de mappage et d'administration. L'âge moyen des patients etait de 62 ans (de 27 a 96 ans). R esultats : Quatre cas (0,5 %) ont n ecessit e le recours a une intervention transf emorale (anatomie tortueuse, incapacit e a fixer une position stable pour l'embolisation, spasme des vaisseaux et longueur insuffisante du cath eter principal). Nous avons enregistr e une seule occlusion asymptomatique d'un court segment de l'art ere radiale (0,3 %). Trois patients (0,4 %) ont vu apparaître de petits h ematomes apr es la proc edure et deux patients (0,7 %) ont souffert de douleurs neurologiques transitoires qui ont disparu apr es une semaine sans traitement.
Transradial access (TRA) was first described in 1989 by Campeau [1] in patients undergoing diagnostic coronary angiography at the Montreal Heart Institute. The National Cardiovascular Data Registry reports TRA is now being performed in 1 in every 6 percutaneous coronary interventions in the United States [2] . TRA is associated with reduced vascular and bleeding complications (73% reduction) with similar efficacy compared to femoral access [2e4]. This and improved technology has led to TRA being adopted for body or peripheral interventional procedures [5e8] .
Despite the learning curve for this technique, the benefits of TRA are significant and include: 1) improved safety profile; 2) shorter hospital stays; 3) less postprocedural nursing care; 4) patient preference due to the lack of ambulation limitations postprocedure; and 5) cost savings to the department (especially with regard to the closure devices used for transfemoral access) [5e10] . The aim of this manuscript is to introduce concepts associated with patient assessment, room setup, equipment choice, and postprocedure management and report on a single centre's initial experience.
Materials and Methods
Institutional Research and Ethics Board approval was obtained for this study. Informed consent was obtained from all patients who have provided photographs used in this manuscript.
A retrospective analysis was performed for all transradial access procedures and procedural details including sheath size, technical success, and complications were collected prospectively.
The data collected included age, sex, indication for procedure, procedure performed, technical success as defined by procedure completion through the chosen method of access, and immediate and delayed adverse events as defined by the quality improvement guidelines published by the Society of Interventional Radiology. Neurologic complications were documented according to the Common Terminology Criteria for Adverse Events version 4.03.
Patients were followed up in clinic or on subsequent planned interventions related to their treatment. Any patients who did not present to clinic for follow up or for subsequent procedures were called and a telephone interview conducted.
Specific questions related to the procedure included hand pain, comfort postprocedure, time to ambulation postprocedure, functional status postprocedure, and recovery to baseline postprocedure. A further questionnaire was conducted with patients who had undergone both transradial and transfemoral procedures and will be discussed subsequently. A detailed technical description is outlined subsequently and is standardized for all noncoronary interventions employing TRA in our institution.
Consent
Complications include significant bleeding with hematoma formation (<1%) [11, 12] and symptomatic radial artery occlusion (0.2%) [13, 14] . Temporary or permanent ischemic or neurological complications with the hand are extremely rare. Stroke risk should be mentioned due to crossing of the great vessels with wires and catheters [15, 16] ; however, this needs to be placed in the context of left radial artery access.
Preprocedural Assessment
Prior to the patient entering the angiography suite, the wrist and radial artery should be examined. The Barbeau test examines the ability of the ulnar artery to compensate for transient occlusion of the target radial artery prior to performing TRA to avoid ischemic hand complications [17] . A pulse oximeter is placed on the patient's ipsilateral thumb and the waveform monitored and recorded ( Figure 1 ). The radial artery is compressed for 2 minutes and the pulse waveform analysed. Waveforms types A-C indicate the ulnopalmar arch is patent and transradial access can be safely performed ( Figure 1 ). Waveform type D indicates the absence of sufficient arterial collateralization, and hence in these patients, TRA is contraindicated due to the risk of ischemia. Ultrasound assessment of the radial artery is recommended to ensure appropriate size through its course (2 mm in diameter minimum). Proprietary topical nitroglycerin cream (2%) is then placed on the skin approximately 2 cm proximal to the radial styloid over the radial artery pulsation at least 1 hour before the procedure. The cream can be covered with a proprietary topical lidocaine (2%) patch, which combined with the topical anesthetic allows for vasodilation of the radial artery thereby increasing its size for ease of access [18] .
Room Setup
Patients are placed supine on the angiography table with the arm slightly hyperextended and abducted with the palm faced up (Figures 2A and 2B ).
As most angiography suites are designed with right femoral access in mind, secondary considerations for scatter radiation is therefore required for TRA procedures to ensure adequate radiation protection for the operator and any assistants [19] . Equipment such as the pump injector, tray setup, and head position (particularly if the arms need to be raised above the head for image acquisition for cone beam computed tomography will require additional planning ( Figure 2A ). For TRA, a long arm board, which has suitable padding with memory foam, is recommended to increase comfort for the patient. Proprietary arm boards are available; however, these are designed explicitly with coronary access in mind and may therefore require modification for mesenteric and peripheral intervention. For example, if the patient's arms need to be raised during the procedure (ie, for cone beam computed tomography), a movable arm board or an arm board that swivels is preferable.
Access
Following palpation, 9 mL of 1% lidocaine mixed with 100 mg nitroglycerine is administered to the patient in the subcutaneous tissues around the radial artery from approximately 2 cm proximal to the radial styloid over a distance of 4e5 cm. It is recommended to instil as much of this mixture as possible to maximize the vasodilator effect of the nitroglycerin, which will help prevent arterial spasm during the puncture and vascular sheath insertion ( Figures 3A and 3B ). The artery is accessed with a 21-gauge needle, with a single anterior wall puncture under ultrasound guidance. Following good pulsatile blood return, a 0.018 00 or 0.021 00 guidewire is then inserted into the artery (the needle and wire size is dependent on operator preference and are available in many combinations). There should be no resistance to insertion of the wire and if any is encountered, the position of the wire should be checked using ultrasound or fluoroscopically. Once the wire is suitably positioned, the access needle is removed a hydrophilic sheath (Glidesheath Slender, Terumo Medical Corporation, Somerset, NJ; Prelude Ease, Merit Medical Systems, South Jordan, UT) placed over the wire using the Seldinger technique. The hydrophilic sheath introducer is manufactured to accommodate either an 0.018 00 or 0.021 00 wire, included with the sheath. A skin incision is not recommended as sheaths are extremely hydrophilic and may displace with catheter manipulation. As the radial artery is prone to vasospasm following any intervention, several ''cocktails'' have been proposed to prevent this both pre-and periprocedurally [20] . In our institution, we administer a cocktail of 2000 international units heparin, 200 mg nitroglycerine, and 2.5 mg verapamil. The 3 medications are drawn up into a 20 mL syringe and following access, blood is aspirated into the syringe to the full 20 mL volume via the sheath and then reinjected over 30 seconds. This hemodilution technique of injecting the cocktail mixed with blood decreases discomfort in the hand caused predominantly by the verapamil. The patient, however, should be warned of some tingling in the hand during injection however this usually passes rapidly. The sheath is then flushed with saline and can be connected to a slow continuous saline infusion. In the rare case of a radial loop, an angled 0.035 00 hydrophilic wire can be used to negotiate the turn and in our limited experience when the catheter passes through, it straightens the loop. If this is not successful, a microcatheter and angled 0.016 00 or 0.018 00 microwire are recommended. The combination is dependent on operator preference. recommended (Figure 4AeE ). Following access to the abdominal aorta ( Figure 4F ), the catheter can then be advanced and target vessels selected as desired. If a microcatheter is to be utilised, its length should be at least 150 cm given the length of the base catheters (100e125 cm). The 150cm-length 4-F catheters are reserved for uterine artery cannulation ( Figure 5A ) when a microcatheter is not usually required, however, a shorter base catheter up to 125 cm will accommodate longer microcatheters ( Figure 5B ). A short nonflushable hemostatic valve (ie, FLO30, Merit Medical Systems) placed between the diagnostic catheter and microcatheter helps minimize the dead space created compared to a flushable hemostatic valve. For more lengthy procedures where a flushable hemostatic valve is preferred, a short flushable hemostatic valve (HVA-100, Merit Medical Systems) can be used. It is important to remember a conventional flushable hemostatic valve may be up to 10 cm in length, which significantly decreases the working length of the microcatheter and should be borne in mind.
Catheters or Equipment

Hemostasis
The catheter should be removed over a soft wire in order to minimize any potential trauma to the radial artery. Patent hemostasis is achieved using a proprietary compression device (ie, Safeguard Radial, Merit Medical Systems; TR Band, Terumo Medical Corporation; R-Band, Vascular Solutions, Minneapolis, MN, USA) [21] ( Figure 6 ). This band is placed over the arteriotomy site according to the manufacturer instructions for use. Following device inflation, a pulse oximeter is placed on the thumb and the ulnar artery is compressed. Air should be slowly released from the balloon in a controlled manner until an oximeter waveform returns, indicating a patent radial artery. This technique of patent hemostasis has been shown to be highly effective in reducing radial artery occlusion after TRA [22] . The cuff is gradually deflated over a set period of time according to the manufacturer instructions for use to achieve hemostasis. During this time, the patient can be sitting in bed and can ambulate. The cost savings for the hemostasis device is significant compared to proprietary femoral closure devices [23] .
Discharge
Patients are discharged with postprocedural instructions, specific to radial artery procedures, including steps if bleeding reoccurs, avoiding excessive wrist flexion or extension, and lifting heavy objects for 24 hours. The patient should remain in the department approximately 90 minutes postprocedure with documentation of successful hemostasis as a minimum requirement before discharge (this time for recovery is significantly reduced when compared with transfemoral access) [23] .
Results
From April 2014 to March 2016, 749 TRA procedures were performed at a single hospital on 562 patients (561 left sided and 1 right sided) for peripheral body intervention (174 women and 388 men) with a technical success rate of 98% (745 of 749 patients). The majority of the procedures included 445 bland embolization or chemoembolization of the liver, 88 uterine artery interventions, 148 procedures related to elective internal radiation therapy (Y90) (mapping and administration) ( Table 1 ). The mean age of the patients was 62 years (range 27e96 years). Four cases (0.5%) Figure 5 . (A) Transradial access for a uterine artery embolization. (B) Transradial access for chemoembolization of the liver via the superior mesenteric artery and inferior pancreaticoduodenal artery. The base catheter (arrow) is positioned deep in the superior mesenteric artery, engaging the hypertrophied inferior pancreaticoduodenal artery. A micorcatheter (black arrow) was then used to advance into the distal common hepatic artery (arrowhead) and subsequntly the right hepatic artery where the medication was administered. Note the embolization coil in the proximal common hepatic artery. An attempt was made initially via the transfemoral route; however, due to the position of the inferior pancreaticoduodenal artery off the superior mesenteric artery this was technically not possible. required crossover to transfemoral access (tortuous anatomy, inability to secure a stable position for embolization, vessel spasm, and base catheter not being of a sufficient length).
In the majority of patients, a single procedure was performed (n ¼ 410); however, 121 patients underwent 2 transradial procedures ( Table 2) . A single radial artery was accessed on 5 separate occasions for liver directed therapy ( Table 2) .
The mean interval in successive radial access procedures in these patients (288 of 562 [51%]) was 1.9 months (range 0.8e13 months).
The majority of procedures (n ¼ 411) were performed with a 5-F radial sheath (Merit Medical Systems); however, various sizes of sheaths were used (Table 3) , including radial slender sheaths (Terumo Medical Corporation) and sheathless guiding catheters (Asahi INTECC, Aichi, Japan). Our practice does not have a regimental follow up for each procedure performed. Clinical follow-up is, however, mandatory following selective internal radiation therapy, uterine artery embolization, or complex interventions. This together with patients undergoing reintervention resulted in 288 of 562 patients (51%) being followed up clinically. In this cohort of follow-up patients, we have only encountered a single asymptomatic, short-segment occlusion in a patient who underwent 5 TRA procedures (0.3%). Two patients (0.7%) developed pain in the forearm and hand postprocedure, which was in a nondermatome distribution; both settled with conservative management. Periprocedural complications included 3 of 749 (0.4%) small hematomas postprocedurally and 3 of 749 (0.4%) cases of radial artery spasm treated with vasodilators and conscious sedation ( Table 4 ). The complication rate was not associated with the sheath size used. All the complications occurred using a 5-F radial sheath, despite procedures performed with larger sheathless guiding catheters. No causality was found in this series between complication rate and sheath size.
We found 86 patients in our cohort had undergone a transfemoral access procedure previously or subsequently and all preferred the TRA procedure. Patients were asked to select any number of reasons for preference for either radial or femoral access (Appendix 1).
The reasons for preference included recovery time following discharge (n ¼ 77; 89%), earlier ambulation following the procedure (n ¼ 81; 94%), ability to recover in the seated or Semi-Fowler's position (n ¼ 62; 72%), faster discharge from hospital following the procedure (n ¼ 54; 63%), and modesty issues relating to groin preparation (n ¼ 34; 40%). It is important to note that all 34 patients listing modesty as a reason for TRA were women, and this should be borne in mind especially when performing fibroid embolization. Our current discharge protocol for outpatient vascular procedures is 6 hours posthemostasis for femoral access and 2 hours for radial access.
Discussion
Transradial access for interventional radiology is a feasible, safe, and well-tolerated procedure [10] . Technical advantages of TRA, when compared to transfemoral access, include the relative ease of cannulation of the mesenteric vasculature (due to the way these vessels arise from the abdominal aorta) and the avoidance of negotiating diseased and tortuous iliac vessels in patients with significant atherosclerotic disease.
During the consent process, complications are discussed including temporary or permanent ischemic or neurological complications, however these are extremely rare if the Barbeau test is performed prior to the procedure. The rare complication of stroke should be mentioned, however, it is important to place this rare risk [15, 16] into context, as reported data often refer to asymptomatic stroke and includes cardiology procedures, which cross the arch in each case.
Given the left radial artery is used for TRA due to the relative ease of access into the descending aorta, therefore the left vertebral artery is the only cranial vessel traversed in this instance.
Prior to the patient entering the angiography suite, the wrist and radial artery is examined. The Barbeau test examines the ability of the ulnar artery to compensate for transient occlusion of the target radial artery prior to performing TRA in order to avoid ischemic hand complications [17] . The physician performing the procedure is responsible for this assessment in our institution; however, a nurse assessment is frequently performed in addition prior to consultation with the physician. Following vascular assessment, ultrasonographic assessment of the radial artery is performed. We recommend 2 mm as the minimum particularly early in operator experience; however, we often perform procedures using a 4-F sheath and catheter platform in patients with radial arteries of 1.5e2 mm. We have found the application of proprietary topical nitroglycerin cream (2%) approximately 2 cm proximal to the radial styloid over the radial artery pulsation at least 1 hour before the procedure of benefit. We routinely cover the cream with a proprietary topical lidocaine (2%) patch; however, in retrospect this may provide limited benefit and there is a cost element to this technique.
We recommend left radial artery access for visceral intervention whenever possible to avoid a number of potential pitfalls: 1) traversing the right common carotid artery and negotiating the brachiocephalic trunk with the potential for stroke; 2) increased distance required travelling from the right wrist to the visceral vessels; and 3) difficulty negotiating a tortuous aortic arch and thus difficulty maintaining access.
In addition, given the ease of descending aortic cannulation, the left radial artery is preferred for access, with right radial access reserved for procedures involving the patient's right arm or forearm.
Time should be taken when preparing the room of radial access procedures and consideration should be given to the arm board and its composition material. Commercially available arm boards have been designed for coronary intervention and are designed to decrease scatter. These boards are not entirely radiolucent, and may interfere with image quality depending on procedure type or arm board positioning under the patient. In our institution, we routinely place the patient supine on the angiographic table, ensuring adequate radiation protection to the operator while also allowing for satisfactory positioning of the pump injector (Figure 2A ). We find positioning the operator between the patient's body and arm, facing forward, allows the monitors to be visualized while also enabling appropriate under and over table lead shielding to be placed to minimize radiation exposure during the procedure (Figure 2A) . The equipment table can then be placed to the right of the operator to allow the long guiding sheaths and catheters to remain straight and unkinked during the procedure (Figure 2A ). RAO ¼ radial artery occlusion.
We have found exposing the entire arm through an extremity drape following full prep to be beneficial. It allows the arm to be moved during cone beam computed tomography acquisition and ultrasound evaluation of the entire radial artery without contaminating the sterile field. In addition, the patient's sterilized hand is placed in an appropriately sized sterile glove to avoid cleaning the entire hand and fingers following the procedure. The glove is modified to allow for full wrist exposure without arterial compression, this technique also decreases any potential contamination during the procedure ( Figure 2B ).
Arterial access kits include an access needle, sheath, and an access wire. A variety of wires are available with floppy tips, straight tips, or angled 45 tips including spring-coiled, nitinol-palladium mandrel, nitinol-platinum mandrel, and stainless steel-stainless steel mandrel wires. The wires increase in stiffness from the spring-coiled to the stainless steel wire. We prefer the 0.018'' stiffer stainless steel straight wire for access because it provides a stable platform for advancement of the sheath through the skin without a skin nick.
Following arterial access as detailed previously, a catheter and soft-tipped wire are advanced into the aorta. We recommend using a 150 cm wire at a minimum to allow for adequate wire beyond the catheter tip. The catheter and wire should be advanced under fluoroscopic guidance from the upper brachial artery into the aorta. The initial catheter advancement can be performed without fluoroscopy if there is no resistance.
Once the wire has advanced just distal to the vertebral artery origin, the wire should be removed and the catheter double flushed before it crosses the left vertebral artery. In our experience, the wire will select the descending aorta, otherwise the catheter can be advanced to just beyond the subclavian origin and turned to face the descending aorta and the wire advanced into the descending aorta ( Figure 4D ). The angle at the subclavian artery is more obtuse than expected ( Figure 4E ), however, in elderly patients with ectatic aorta it is often challenging to guide the catheter and wire into the descending aorta due to an acute angle of the subclavian artery with the aorta in ectatic anatomy. For this, a 30 LAO angulation should be used with an angled catheter and an atraumatic wire (ie, a Bentson wire). If the soft-tipped wire prolapses preferentially into the ascending aorta, an angled 0.035 00 hydrophilic wire is recommended. A longer angle 0.035 00 hydrophilic wire is recommended for use with the longer radial catheters to allow for adequate wire purchase beyond the catheter tip and for adequate wire for operator manipulation, a 150 cm wire is often too short in our experience and a 180 cm 0.035'' angled wire is recommended.
A number of proprietary catheters are available for visceral radial intervention as mentioned previously; in our experience, however, a limited number of catheters are required to complete most procedures. Visceral interventions can be completed using 4 different catheter shapes, including the Ultimate 1 and 2 shape (Merit Medical Systems), a multipurpose shaped catheter and a 45 angled catheter. The 45 angled catheter is used for uterine artery embolization.
Patent hemostasis postprocedure is paramount to maintaining radial artery patency and this aspect of care should be adhered to with a strict regimen. We utilise a rapid deflation protocol using a proprietary hemostasis device (StatSeal, Biolife, Sarasota, FL, USA), which allows deflation in 25 minutes (unpublished data). However there are limitations to this protocol, which are beyond the scope of this manuscript.
After approximately 1 hour with successful hemostasis, the compression device may be removed, following which the radial artery is then examined and the pulse waveform recorded.
TRA allows for early ambulation in the immediate postprocedural period; this is unlike transfemoral access in which the patient will often require a period of bed rest, even with the use of a vascular closure device. TRA is also associated with reduced bleeding and vascular complications when compared to transfemoral access [12,24e26] . The main complication of TRA is permanent occlusion of the radial artery, which has an estimated incidence of 1%e10% [27, 28] . This is usually clinically silent due of the dual blood supply to the hand and is considered only a minor complication [29] . Our radial artery occlusion rate is significantly lower, and this is in part due to the smaller catheters and sheaths (4-F and 5-F) compared to the cardiology literature used in the majority of cases. In addition, the meticulous adherence to ultrasound-guided access and patent hemostasis decreases radial artery occlusion rates. Radial artery occlusion rates can be reduced by aggressive anticoagulation, smaller sheath size, immediate removal of the sheath at the end of the procedure, and performing nonocclusive hemostasis. TRA is also a safer option in obese patients in whom femoral access is challenging as well as in patients in whom hemostasis will be difficult to achieve following femoral arterial access.
Although there will be a learning curve in adopting TRA, this procedure has the potential to significantly improve departmental workflow, cost savings for the department, and patient experience [5e10]. TRA carries a lower complication rate than transfemoral access does and has the potential to convert many cases to same-day, early discharge with little risk of bleeding and allows patients the freedom of ambulation and movement following an interventional radiology procedure.
Conclusion
This study supports the published literature that transradial access is a feasible, safe, and well-tolerated procedure. Although the introduction of TRA for interventional radiology requires changes to current practice it has the potential to significantly improve departmental workflow, cost savings for the department, and patient experience. In addition, it a safer option in obese patients in whom femoral access is challenging as well as in coagulopathic patients in whom hemostasis will be difficult to achieve following arterial access.
